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Production of bela-hydroxybutyrst* polymert. 
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Production of ^S-hydroxybutyrata poJymero (PHB) by mi- 
crobial cultivation wherein at least part of the carbon source is 
derived from cell material obtained by separation of PHB from 
PHB-containing micro-organism cella: i.e. the non-PHB caD 
material is re-used aa the carbon source. 
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■Py^A^^ei±±aD. of p ^Y^O^xrertnLinrrAta poUmera 

This Invention relates to the production of ^hydxoxy- 
Inrtyrata polymers. PolyQ^hy-teoiytoutyrate) is a thennoplaatic 
polyester oonsistinff of the repeat ^mlta -CS{CE^).CE^.CO.O- ^ch 
5 is accumnlated by many mioro-organiBms, particularly hactexia, as 
granoles within the loioro-orEsniani cellB as an energy reserve 
material. 

•Die polymer is comreniently prepared hy aerobically 
cultivatins the micro-organism in an aqjie^ps medium on a euitahle 
10 substrate, i.e. a source of energy and carbon. Ih order to 

promote accumulation of the polymer, at least part of the cultiv- 
ation is preferably ocmdncted under conditiona >iherein there is a 
limitation of a tnxtrieat that is essaitial for growth, i.e. re- 
production, of the micro-organiaa but idiich is not required for 
15 polymer accamolation. BEaii5>leB of suitable prooessea are des- 
cribed In BP-Ar-15669 and 46544. 

Polymers oontalniaff both ^hydroxybutyxate units and 
other hydrojy-carboxylate unite, such as ^hydxoxyvalerate units, 
can also be produced microbiologically- !Itaia, as described in 
20 EP-A-52459 and 69497 , various copolymers can be produced by culti-9^ 
ating the micro-organism on certain substrates, such as propionic 
acid which gives rise to ^hydxaxyvalerate units In the copolymer. 

In the following description, by the term PHB, we mean 
not only ^hydxoxybutyrate homopolymar but also such copolymers 
25 in >4u.oh, p-hydxoxybutyxate imita form at least 40, preferably 
at least 80, mole % of the polymer chain . 
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fEhe carbon and energy soorcea that maj "be uaed depezid 
on the nature or the micro— organlam; thna autotrophic micro- 
organisms can utilise carbon dioxide as the carbon soarcet obtain- 
ing their energy by the oxidation of hydrogen, sulphcor compounds, 
5 nitirogen coiz^)ounds, or iron confounds a Aloal i genes ggtrophiis is 
an example of ah aatotroph that can utilise ca^on dioxide and 
hydrogen. Heterotropha require organic substances as the carbon 
and energy sources • Eraniplas of such organic substrates include 
aliphatic aG..cohols such as methanol; organic cicids or salts 

10 thereof e.g. fozmates, acetates, oxalates, pynzvates, gLyoxylateSy 
glycollates; and carbohydrates suoh els fructose and ^ucose. 
Autotrophs may also be able to grow heterotrophically, e.g. on a 
carbohydrate stsbstrate. Of course the substrate selected most be 
one that the micro-orgsniBm can uses thns vhile a certain micro- 

15 orgnnism may be able to utilise fructose, it may ziot be able to 
utilise methanol or ^ucose. 

The oost of the substrate is a significant factor in 
the overall cost of the production of PHB. Hence it is desirable 
to increase the yield of PEB firom a given amount of substrate. 

20 \A2ile the amount of IPHB that can be synthesised by the 

mlcro-crganlsms may, in certain cases, be as modh as 6c^ or more 
by vel^rt of the total blcmasst a significant proportion of the 
substrate Is used to produce cell matezlal other than PHB. . l!hls 
non-PHB cell material (hereinafter termed HPCK) represents, in 

25 PHB production, a by— prodnot of relatively little value. Vhll e 
it may, in some cases, be used as an aa^-^™! feedstuff supplement, 
it often does not have a sufficiently high protein content to be 
commercially conpetitive vlth ccaxventional feedstuff si^lements 
such as soya, especially yihea the coats involved in obtaining the 

50 neoessary toxicity clearances for use as a feedstuff are taken into 
account. 

Ve have found that at least some of the SPCK may be used 
to supplement the substrate used for cultivation of the micro- 
organism. 

35 Accordingly we provide a process for the production of 
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PHB coorprisin^r cultivating? a mioro-organism that is capable of 
accunnilatin^ PHB ia an aqueons medinm cm an assimilable substrate, 
at least part of tlie cultiTation bein^ condacted under condl tiona 
that cauae said micro-organiam to aoeumulate THE within the micro- 
5 oxgaoiam cells , and then sspairatin^ the £!HB from the lSFG£i 

chajcacteriaed in that the carbon of at least part of the asslniil- 
able carbon source con^rises cazfbon from NPGH separated from the 
PHB of PEB-coatalzuzig cells of said aicro-orgnnl ratu 

"By using HFCM as a source of substrata carbon the aznount 

10 of fresh substrate required to produce a given amount of PEB is 
reduced J hence the raw material oosta are effectively reduced, 
furthermore since the SPCU may also contain various other nutrient 
materials 9 e«g» assimilable sources of elementa such as nitrogen, 
phosphorus » sulphory magnesium and other metals » the amounts of 

15 such nutrients that need to be supplied to the mioro-organism 
alongr with the substrate may also be reduced. 

I&aless the cultivation is conducted on a conaiderably 
smaller scale than that used to produce the HPGM that is re-used, 
it will be necessary to st^plement the re-used KPQi with ftcesh 

20 assimilable substrate* Suppl^uentation of the substrate will also 
be necessary iiihare a particular substrate, e*g* certain organic 
acids or derivatives thereof, are requdLred to prodxtce copolymers. 
Preferably the cultivations are perfoxmed on the sane scale, e.g. 
by recycling to the cultivation vessel HPGM recovered by separation 

25 of the PHB therefrcm. In this case the amoimt of 13PCM that is re- 
used is preferably such that the carbon content of the SPCM re-used 
forma between 5 and 309^ by wei^t of the total carbon req;aired In 
the assimilable carbon substrate. 

!Ihe TnaTiTTmm proportion of 5PG31 that ' can be re-oycled 

30 will derpend on. Inter alia, the proportion of PHB accumulated by 
the micro-organ i am and the efficiency of the conversion of the 
carbon in the substrate (i.e. re-used JIPGM plus fresh substrate) 
to PHB and to HPCM. 

Per exaoiple 100 g of substrate carbon gives, at 50?^ 

35 carbon conversion of substrate carbon to both PEB carbon and HPCML 
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carbon, 50 g of biomass oarbon, of \jiiicii, at a cell PHB contant 
of 7096 ^ wel^it, about 37 s will be PHB carbon and abotrt 15 g 
2SIPCM carbon. If 70)6 by weigjit of this IJ g of NPGM carbon, i.e. 
about 9 g, is re-izsed, the azocrunt of re-naed carbon is about ^ 
3 of the total snibstrate carbon reqnixed. fZSxas the amount of fresh 
substrate carbon required is about 9I Since this 91 g of 
fresh substrate carbon, toother vith the 3 g ot re^-^ased HPCSl 
carbon, gives about 37 g of PHB carbon, the overall carbon con- 
version of fresh substrate to PHB is abotrt 41%. In contrast if 

10 no SPCK were to be re-used, the overall carbon canversion of 

fresh substrate (100 fir carbon) to PEB (37 g carbon) would only be 
71%^ Sacpressed another vay, usln^ glucose as an eacanple of the 
substrate, an overall carbon conversion to PHB homopolymer of 419^ 
means, that about 3*43 ^ of ^ucose is required to produce 1 

15 of PHB homopolymer, 'while, at a carbon comreraloa of 379^, about 
3*77 ^ of ^ucose is regpiired; hence an increase in carbon con- 
version from 37 to 41?^ results in a substrate saving of about ^ 
by weifi^xt* 

Iiikewise» if the PHB content of the cells is about 509^ 
20 by wei€^, at 5096 caarbon conversion of subs-teate oarbon to both 
PHB oarbon and to HPGK oarbon, 100 g of stibstrate carbon £^ves 
about 27 g of PHB carbon and about 23 g of HPCM carbon. If ^^11 
of this HPCM carbon is recovered and re-used, the ainoim t of re- 
used HPCM carbon is 2596 by weight of the total substrate carbon 
25 required. QSiis corresiponds to an overall carbon conversion of 
flresh substrate oasrbon to W3B oarbon of about 3^t in this case, 
with no re-use of the 5PCK, the carbon conversion to PHB is about 
2796. 

If a mixture of the recoveared HPCM and fresh substrate 
30 is fed to the f eisneaiter, the micro-organiam may tend to utilise 
the fresh substrate in preference to metabolising the recovered 
HPGK« While it may be possible in some cases to overcome this 
problffltt by feeding only the recovered HPCM to the f ermenter 
initially, and introdocing the fresh substrate only vhen the 
35 recovered HPQl has been utilised, we prefer to treat the HPCM 
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so that it ia solutilised to render it more readily assiinilable 
b7 the micro-organism before it la re-used. Ihia may be effected 
by subjeotins tbe HPCM to solubiliaation, e.g. by hyaiolysia, be- 
fore re-Tiae. 

5 aydxolyals of the HPCM may be effected eaazymatically , 

for eacanple aa part of the PHB aortractlon process i thus the PHB 
may be extracted by digeatinff the micro-organism oella, with a 
proteolytic aazyme con5)ositian, and optionally a lipid aoliibilis- 
ing enzyme oom^osition, and then separating the aolnbiliaed HPCM 
10 from the PHB. Alternatively, ^re the PHB is extracted from the 
mioro-organisa cells by other routes, e.g. solTaat extraction, the 
residual HPCM may be hydrdyaed by heatijag the BPGM anspended in • 
an aqjieoua mediim,* preferably at 50 to 150°C. Indeed anch a 
heatin« atep may be desirable ^ere the HPCM haa first been 
15 aolxihilised enzymatically. In such a beat treatment stage the 
hydrolysis is preferably effected at a pH removed frcm the iao- 
electrio point of the HPCM in order to obtain aa acoaptable 
hydrolysis rate. After hydrolysia the adnbilised HPCM should 
be netctrallaed, if neoessaxy, before re-nse as aflslinilable carbon 
20 source. While acidic hydrolysia oandltlona have proved to give 
aatlsfactoiy hydrolyaia, allcaOine hydrolysis may be preferable to 
reduce the amount of nitrogen in the HPOI volatilised aa ammonia. 
In particular the aqueous medium preferably containa 1 to IO96 by 
weight of an alkali auch as sodium hydioxide. •Bob aqjaaous aus- 
25 pension of the HPCM preferably contains 1 to 10j6 by weight of the 
HPCM. 

Sfflne of the HPCM may be more resiatant to solTibilisatlon 
than the rest. Thus where the aepaxaticm of the PEB from the HPCM 
ia effected by solubiliaatioa of HPCM, it may not be economic , or 

30 possible, to aolubilise all of the HPCM enisymatioany. Thna moat 
of the HPCM may be Bolubilised enzymatically, leaving a residue 
comprising the PHB and some residual HPCM. Other solubilisaticm 
techniques, e.g. digestion with a surfactant, may ba adopted to 
aolubilise the residual HPCM. Alternatively, or additionally, the 

55 PHB may be separated from the residual HPCM by solvent extraction 
of the IBB. 
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It ±3 prefexxed that surfactant solubillsed fiPCM is 
not re-used as part of the 8u2>8trate since -fee surfactant la 
liable to Interfere with the feimentation. 

Likeulse, >iixere the SPCH is separated from the PHB lyjr 
3 solvent extraction of the £HB» s^-^-n it ma^ not he econamic to 
solubiliae all the recovered HPCM. 

It is piref erred that the amount of soluhilised BPCM 
that is re-Tised corresponds to at least 50, particularly 60 - 85, 
% by wei^t or the SPCM present in the micro-orgaaism cells prior 
10 to separation of the IBS. 

!£he mioro-orgaziiam may be batch cultured. T&ider batch 
culture ccnditionsy the micro-organiam v^TI grow, wltli little or 
no PHB accumulation, until one or more of the nutriezits reqcdjred 
for g^rowth. becomes eYhausted, azid then the micro— organism synthesis 
15 PHB.' Since the re-used HPQl, e.g. a by d rolyaate, will often con- 
tain a significant amotrnt of the essential reqiiirements for growth, 
it is preferred to use the recovered lEPCH as part or of the 
initial ffobstrate feed to the batch f exmenter and to add only fresh 
snbatrate daring the PHB accumulation stage. 
20 Altfrmatively the micrp-^nrgsnismfi may be cultured 

continuoiisly. 

With some micro-organisms PHB may also be accumulated 
while growth of the micro-organism is talcing place: however the 
amount of PHB so accxmiulated is generally wntf^n and typioally is 

25 less than about 109^ by weig^ of the cells produced. It is there- 
fore preferred, in order to ovoid the necessity for recycling 
large amounts of the recovered HPCM for efficient substrate usa^, 
to conduct the oontinuous fermentation under conditions such that 
the micro-organism accumulates PHB to an extent of at least 25, 

30 preferably at least 50, % by wei^t baaed on the total cell weight. 
As Indicated hereinbefore, a high PHB content also tends to give 
a higher overall conversion of fresh substrate carbon to PHB carbon, 
^so a hi^ PHB content is desirable as this renders the subsequent 
separation of the PHB from HPCM more facile. "She requisite PHB 

35 content may be achieved by condncting the fementation under 
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cca^tions or l^tation of one o. ^.e o. essential =utrie..s 
xeqaixad for growth but not for iEB aoc^atioa. 

stages: tl.e ^oro-orsanism is ^ in one f«»eataticn vessel 
irtL a^-ous «edi^ coatai^ the n^cro-orga^isn. cells .s 
' or inte^itteatly. tx^nsferxed fro. the first .essel 

coQtanaously. °^ ^ s^strata is milled 

to a secaud femeatatxaa vess^ ^ tai:ea place, 

so that PHB aootanulation occurs Imt little or no gruw^ 
^ ^ a t^ sta^e process the amount of the ™« 
0 recicdred for gro^^ P=-ent In the second stage should l.e 
D XBqyu. eu ^ any. present la ttie aqueous madiim 

and preferably is only that, if any, prBsea 
transferred to the second fe3=»aatation vessel fro. the first 

.e^tati^ v^el^^^ ^ ^^^^^^^ ^^^^ ^ 

,5 3tage contl^ proc.ss such that the a:nouat of J^^^ 
L5 sxage f exmentation vessel is snoh 

required for growth fed to the iitbt. * »+ 

• .o^nnlated in the first stage, to an artent of at 
that PHB XB aocamulauea, in •«• ^ m- ,,Tr%_ 

. -u <>4xA,t tased on the total *ei^t of the cells pro- 
least 29% hy wei©at, sasea aa w«» 

' vessel, m other cases it may he preferable 

duoed in the first vessex. on 0 , . . . that -Tirtually 

20 to c^erate the first sta^ under carbon lomtation so 
no 4 is accuH^ated hy the ^nicro-orgs^a. In the «X3t 

m addition to the suhatrate and oxygen (^oh is generally 
supplied by injecting air into the aqueous u»dln« in the 
nli-t salts are re^ed to enable the 
25 rlow. mta sources of the following eleaents In assinol^le 
r^r^ as water soluble salts, are g«.erally re^ed: 
^trlgen. phosphorus, sulphur, potaseiu., -^- 7^^^' 
calcium, and iron, together with traces of elements such sb 
r^nele, .inc and copper. While it «ay be P-^^^^^^^ ^/^.^^ 
30 PHBTccWation by restricting the supply of oxygen ^^J^Z^' 
it is preferred to restrict the sn«unt of one or more of the uutri^t 
salts ^Hoet practical elements to li^t are nitrog^, phosphorus, 
salts* me iu . _ nr these it ±s most pxefex- 

aulphror ox, less preieraoxy, 

red to restrict the amo^t of nitrogen (^ch is convenxently 
35 supplied as an a^onx^ salt) or phosphorus. The amount of 
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assimilable nitrogen required vsxLes from micro-organiflm to micro- 
organism Imt generally is nithln the range 8 - 1^ by weight of 
the produced. 

The recovered SPGSX uaed as part or the substrate will 
5 generally contain some of the limiting nutrient , e.g. assizzdlable 
nitrogen, and so, vhen operating a continuous two stage f ementation 
process, the recovered HPQi is prefeirably nsed only in the first 
stage, even then generally only aa part of the firat stage sub- 
strate, and only fresh substrate is fed to the second stage fezment- 
10 ation vessel* Where a continuous two stage process is operated, 
the carbon' of the recovered SFC31 preferably represents 40 to BC^ 
by wei^t of the carbon required in the first, stage, particularly 
where the first stage is conducted uzider carbon limitatian 
conditions^ 

15 inhe proportion of PHB accunmlated in the cjbUs depends, 

later alia, on the average residence time of the medium contain- 
ing tile suspended micro-organism in the f exmenter. Providing suf- 
ficient substrate is supplied, the greater the residence time the 
greater vin be the 'FSB content. To obtain the qptimmi carbon 

20 conversian at any desired TEB content, the amount of substrate 
en^loyed should be kept to the mlniTrmm that is consistent with 
economic operation. In general it is desirable to have a alight 
excess of substrate so that there Is a amall concentration of 
residual substrate in the aqueous medium removed from the f exmenter. 

23 While the micro-organisms may be capable of accumulating 

relatively hig^ proportions of PHB, e.g. tq> to 75 - 8096 by wei^t 
based on the total wei^t of the cells, the residence time to 
achieve such a high PHB content will generally be uneconomically 
lengthy in a single stage contlnuoiis fermentation process* Hence 

30 in such a process It is preferred that the residence time is such 
that the PHB content is less than JC^, and in particular is be- 
tween 35 and 65Ji, by wei^t. 

The process is prefearably operated so that the dry 
weight of the PHB-cantaining cells is at least 5 g per litre of 

35 aqueous medium. Hence if, for example, it is desired to produce 
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10 s per litre of EHB-coataiiilng cells haviiig a IBB content of 
4CM by weight, the amount of the limiting nntxient must be that 
required to BX?,port the gcovth of 6 g per litre of HPCM ttos. 
if nitrogen is en^ployed as the gro^h limiting imtriait, since 
5 the nitrogen content of PHB free bacterial cells will generally 
he vri-thin the range B - l^'by wei^t. the fflnomt of asalmilable 
nitrogen required wmld he hetveen about 0.5 and 1 g per litre; 
the precise amount depaidlng an inter alia, the -miero-organism 
eaxtpXoyed* 

10 The f emantation may be conducted under the conditions 

e.g. pH, tempexatuxe, and degree of aeration (unless oaygen is 
utilised as the limiting nutrient) can^rentic«nally used for the 
niicro-organiBni. Likewise the aaonats of nutrient salts (other 
than the growth limiting nutrient ^se amount may be detemlned 
15 following the- oonsideratianB outlined hereinbefore) employed may 
be those normally used for growth of the micro-organism. 

Vhere a two-stage fennantation process is artployed, in 
the seoaad stage tke EHB content of the cells is preferably in.- 
creased to between 50 and 80?6 by weifi^t. 
20 Olba ftesh eubatxate enployed in the second stage may 

be the same as, or different to, that used In the first stage, 
m some cases tha overall efficiency of the process may be In- 
creased by utilising in the first stage as the substrate a mii- 
ture of the recovered HPCK, and a material such aa a carbohydrate, 
25 that is fairly efficiently canrerfced to cell material ^le in the 
second stage the substrate is a material, such as an organic acid 
or salt thereof, e.g. an acetate, -rfaich is converted efficiaatly 
to PHB but on >teLch the micro-organism grows less efficiently. 
Vhere copolymers axe required the second stage substrate should 
30 include that material that given rise to the copolymer units. 

After fermentation has preceded to the desired extant, 
the PHB is extracted from the micro-organism cells. Preferably 
the aqueous cell suspension is first concentrated, e.g. by cen- 
trifugation. The separated aqoeoua medium may be re-used, e.g. 
35 recycled to the farmenter. after such sterilisation as may be 
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necessazy, so that acny residual substrate in tiie s^arated aqueous 
mftfjimn can re-used and hence the overall carbon canverflion 
improved. QUhe PEB is then extracted from the cells in the con- 
centrated suspension* A variety of methods have been proposed , 
5 generally involving contact of the cells , in some cases after one 
or more pratreatment steps 9 such as cell disn^tian, with a solvezit 
in ijH-irth the PEB Is soluble. Exas^les of solvents that have been 
proposed include pyridine (see ITS- A-30 56959); methylene chloride/ 
ethanol mixtures (see US-A-3044942); chloroform (see TTS-A- 327 5610 ) ; 
10 cyclic carbonates (see US-A-4101533) ; and 1 ,2-^chloro ethane (see 
EP^A-14490 and 15123)^ 

One preferred extraction method corrrprisea the following 

steps: 

(i.) spray drying tha concentrated suspension; 

15 (li) extraction of lipids by contacting* iihe dried cells, 

e.g. under reflur conditions, with a solvent such 
as methanol or acetone in which 'PHB is insoluble; 
(iii) separating, e.g. by filtration, the llpid-free cells 
from the lipid nnntalnlTig solution; 

20 (iv) extracting the EHB by contacting the llpid-free cells, 

e.g. under reflux conditions, ^th a solvent in ^dilch 
the PHB is soluble. 1 ,2— I^lohloroethane and chlorofoim 
are particularly suitable solvmts; 

(v) separating, e.g. by filtration, the solution of the PHB 
25 in the extraction solvent from the cell residue; 

(vi) precipitating the EED from the solution by a4^ai-ng the 

latter to a liquid, e.g. a methanol/water mixtures 
in vhich the PEB la not soluble; and 

(vii) separating the precipitated PHB therefrom, e.g. by 
30 filtration. 

Such a process is described in aforanentioned EP-A-15123« 

Other separation processes, for escample an enzrymatic 
digestion process as described hereinbefore, may of course be 
soployed. Where the HPCM is separated from the PHB after contact 
55 with a PHB-extraction solvent, as tha latter are often toxic to 
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micro-organisma , it is generally neceaaary to remove, e.g. by 
washing or drying, any o£ the solvent that may be occlnded in 
the HPCM before re-tise of the latter. Drying may siiDply be 
effected by heating the NPCM in a suitable oven* The residual 
5 solvent evolved may be recovered and used for extraction of PEB 
from a farther quantity of oells. Alternatively 1 vhere the 
FPCM is hydrolysed before re-use, the residual solvent may, in 
some cases y be volatilised during the hydrdysis. 

Micro-organisms that may be used to prodnce PEB include: 
10 Nocaordia, e.g. sal mnni color , N. asteroides , opaca . 

coralllTia , H. rubra ; 
Izotobacter, e.g. A* chToococcum , A. bei.lerif.nolrfi , A» ftfd 1 is , 

A. indl.cus; 

BaoilluB, e.g. B. megaterium , B. mvcoides . B. siibtilia, B. 
15 cereus , B. anthracis; 

Miorooooous, e.g. VL halodffnitrificann, M. df=ynitrificans ; 
Bhizobium, e.g. Bh. legumlnosamm. Bh. phaseoli, Hh. trif oli > 

Hh. luDlni , Hh. ,1gpanicnm? 
Bhodospirlllum, e.g. H. robrnm^ £* fulrnm ; 
20 Hetli^lobacterxuza, e.9« Me. orgaponh1,.l.nm such as the strains 
designated by NCIB Ho's 11482 - II4B8 inclusive 
and as described in SP-Ar*13669; 
PseodMaonas , e*^. P. rosea , P . sartohaTophl 1 a . P. AM. I4 
^ydrogenomonas , e.g. H. ruhlandii . H» autropha (otherwise knovn 
23 as Alcaligenes eutrophus) such as strain HI6 ^dely 

eo^loyed In academic studies of this species, see e.g. 
X J. General Miorobiology (1979) 115 pages 185 - 192, and 

. which is available as AiTOC strain 17^99 1 and snrtants of 
strain EI6 such as the glucose utilising mntants desi^ 
30 nated by BCXB No's 11597 - II6OO inclusive. 

BCIB No. refers to the number desigaated to the strain 
deposited with the Hatianal Collection of Industrial Bacteris 
Terry Eesearoh Station, Aberdeen, Scotland. 

AIDOC No. refers to the ntumber designated to the strain 
55 deposited with the American Tjpe Culture Collection, 12301 Park 
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Lawa Bcdve, Hockville, Maryland 20852, USA. * 

Olhe invention is illiiHtxated by the folloving Ezan^^le. 

Alcaligeaeg eatroohiiB HCIB 11599 was aerobically cultivated 
on glucoae aa a cazbon and energy aouxce in aa aqueoua medium con- 
taining a restricted amount o£ aaaimilable nitrogen to produce a 
auspensicn of cells containing appTOximately 509^ by weigjit of PHB 
homopolymer. Olhe PHB was artracted from the cells by spray drying 
the suapension, reflxncin^ the spray dried cells with chlorof oxm, 
and filtering the cell residue fiom the soiution of PHB in chloro- 
form. ThB PBB was precipitated trcm the filtered aolution by «^^■^'r^Q 
the latter to a methanol/vater mixture. 

TtiQ cell residue filtered from the solution was sus!panded 
in 6 N hydrochloric acid to give a suspension ccntainin^ about 
200 g/l of cell residue. The ausponsion was then refluxed for 24 
hours to hydrolyae the cell residue. The resulting mixture was 
neutralised to pH 7 with sodium hydroxide, allowed to cool, and 
then filtered. The hydrolyaate was diluted to 20 times its volume 
and analyBed (aqueous medium A). 

100 Volumes of the diluted hydrolysate was steocilised by 
heating for 1 hour at 121°C and then inoculated with 0.5 volume of 
an Alcaliggnes eutropbna NCIB 11599 culture of 10 fi/L cancentration. 
The mixture was cultivated aeOTbically at 34^0 for 4B hours: the 
mixture then contained approximately 3 sA of mioro-organlam cells. 

The cells ware separated from the aqueous medium by 
centrifugingr: the cells and residual aqueoua medium (aqueous 
medium B) were analysed* 

The analyses are shown in the following Table. 
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tCable 









mediiini 






5 




A (me/lOO ml) 


B ^mfi/lOO ml; 


ijB Dy vGignuy 






total orgazklo oaxbon 


430 


66 


4o-3 






oarbofajrdxat e 


©•05 


0.05 








PHB 










10 1 




5.8 


0.006 


KM 






aspaxtxc acxd 


29 


3 








-fchreaalne 


15 


2 


2*2 






serxae 


10 


3 


1^7 




15 


^utazn±c acid 


37 


7 


5.4 








12 




2.0 






giyciae 


17 


3 


2-4 








33 


3 


4.1 






valine 


20 


3 






20 


1 ste'thi.oziliia 


6 


1 


1.1 






Isoleucine 


13 


2 


1.9 






leucine 


25 


2 


3.6 






1 tyrosine 


10 


2 


1.7 






1 plieaaylal anlne 


14 


2 


2.0 




25 


liiatid±ae 


6 


1 


1.0 






1 lysine 


15 


3 


2.9 






1 argqm'ne 


20 


17 


3.9 




30 


I total amino acids 


282 


54 


36.4 
















1 nucleic acids 


110 


49 


BH 






total nitrogen 


m 


SH 


7.0 





EM s not measured. 

It is seen that about 82g6 1^ weight of tlie carbon in the 
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caxbon is "tha li^dxolTsate was ixfciJjLsed by the micro— ofganism. 
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1 A process for the prodxiction of a ;B-hydroiybut7rate 

polymer havdiig at least 40 mole % of ^bydTo:c7^mt7Tate units 
in the polymer cbaia con^riains cultivatiiig a mioro-organlam 
that is capable of accumulatins said poljmer in an aqaeoos medial 
on an assimilable carbon source, at leaat part of the culti^tion 
being conducted imder conditions that cease said micro-orgBnism 
to acoumnlate said polymer wLthin the micro-organiBm cells, and 
then separating said poller accumLLated In said micro-organism 
cells from the other cell material, characterised iii that the 
oarDon of at least part of said aael^xlable carbon source comprises 
carbon from cell material separated from the^-hydroxybutyrate 
polymer of ^hydrooybutyrate polymea>^antalning cells of said 
micro— organ! Bm» 

2. A process according to claim 1 charaoterissd in that 

slid at least paxt of the assimilable carbon source cp mprise s 
sclxrbillsed cell material separated from the ^hy<iro=cybatyrate 
polymer of ^hydrosybutyxate polymer-containing cells of said 
micro— orgazixsxa* 

3 A process according to claim 2 characteaciBed by 
solnbilisiBg at least pert of the cell material, other than said 
B-hydroxybutyrate polymer, of said micro-orgsnism cells produced 
in the cultivation step, and recycling said solubilised cell 
^naterial to the cultiTation step as part of the assimilable carbon 
source iisdd 'bherelxx* 

4 A process according to claim 2 or claim 3 characterised 
1^ that said solubilisation con^rlses treatment of the cell material 
with, an' enasTxne conipoBition, 

5 "a process according to claim 4 oharacterised in that said 
eolubilisation comprises digesting said ^hydrootybutyrate polymeiv 
containing cells with a proteolytic enzyme con^OBltian and there- 
after separating the sdubilised celi material fro« the ^hydroxy- 
butyrate polymfte-containliig residue. 

6. A process according to any one of claims 2 to 5 >*ereln 

slid eolubilisation comprises heating said cell material in an 
aqueous medium at 50 to 150 C. 



t 
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?• A procaaa according to any one or clalrsB 1 to 6 wherein 

tJie cultlAratxcoi of the nzlcro— oxganlaza is cGaaducted contlzmously. 
8. A process according to claim 7 idiereln the inlcxo-organlam 

Is first oultivated in an aqueous medluoi on an assliiiilable carbon 
source In a Tlrst vessel and then the aqueous medixm cantainin^^ the 
micro-organism cells is continuously or intermittently transferred 
to a second vessel vhftreln cultivation of said micro-organism on 
an assimilable carbon source is continued in the presence of such 
a restricted amount of a nu tr i ent irequired for ^rowthf but not 
polymer accnmnl atiaa» that said- polymer is accumalated by said 
micro-organism daring the cultivation in said aecood vessel, 
characterised in that only the caxbon of the assimilable carbcn 
source esiEplayed for the cultiTation in said first vessel ccMtgoriBes 
the carbon derived from the cell material separated from the 
jB-hydaraybutyrate polymer of ^hydroxybutyrate pdymer-containing 
cells of said micro-organiam* 
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